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CULTURE MEDIUM AND USE OF THE SAME 



(57) TTie present invention relates to a medium for 
culture, containing human serum albumin (rHSA) 
obtained by gene manipulation, a method for culturing 
an animal cell. Including culturing the animal cell in the 
above-mentioned medium for culture, and a method for 
prcxJucing a physiologically active substance, Including 
culturing an animal cell capable of producing a physio- 
logically active substance in the above-mentioned 
medium for culture to produce the physiologically active 
substance and han^esting the physiologically active 
substance from the culture. The use of rHSA having 
constant quality has led to the effects of retention of cell 
proliferation capability and production of physiologically 
active substance, which are of the same level as 
achieved when a serum-containing medium and/or a 
conventional serum-free medium containing plasma- 
derived NBA are/is used, as well as stable quality of the 
medium and ensured reproductoility of the culture. 
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Description 
Technical Reld 

10001] The present invention relates to a medium for s 
culture, which contains human senim albumin obtained 
by gene manipulatibn (hereinafter also referred to as 
rHSA), a method for cutturing animal cells using said 
medium and a method for producing and han^esb'ng a 
physiologically active substance. io 

Background Art 

[0002] With the progress of DMA recombination tech- 
nique in recait years, methods for producing a physio- is 
logically active substance, such as protan, as a cell 
product have been investigated. While culture of animal 
cells is critical for the production of such ceil product, 
cell culture in an industrial scale requires a great 
amount of a medium. so 
[0003] There have been conventionally used a great 
variety of media for growing (proliferating) animal cells, 
which include DUlbecco's modified Eagle's medium 
(DMEM) [Morton. H. J. J. (1970) In vitro 6. 89], F12 
medium [Ham. R. O. (1965) Proc. Natl. Acad. Sci. USA 25 
53. 288], RPM11640 medium [Coding, J. W. (1980) J. 
Immunol. Methods 39, 285, JAMA 199 (1957) 519] and 
the like. These media require addition of serum to the 
medium for the growth (prolrferatfon) of animal cells. 
Typically, fetal bovine semm. equine serum, human so 
serum and the like need to be added in a concentration 
of about 1-15%. 

[0004] The use of a medium containing a serum is 
associated with the following problems. 

35 

(1) Serum itself is expensive and the culture 
becomes costly. 

(2) Serum varies between tots, which is disadvanta- 
geous for culture requiring reprodudbility. 

(3) Purification from the culture supernatant of a 4o 
cell product is difficult 

(4) The medium is associated with a risk of provkl- 
ing a contamination source of virus and myco- 
plasma. 

45 

[0005] Under the circumstances, a method for 
decreasing the serum concentratfon off a medium has 
been investigated. However, decrease in the serum 
concentration leads to significant degradation of prolif- 
eration capability of the cell or eradication of the cell, 5o 
whk;h in turn results in a noticeable decrease in the 
yield of a desired cell product (e.g.. physfologically 
active sut)stance such as protein). Hence, decreasing 
concentration of the serum in a medium has been 
unfeasble. ss 
[0006] In view of the above, a serum-free medium 
wherein cells can be cultured without losing proliferation 
capability in the absence of serum has been drawing 



much attention. 

[0007] Conventional serum-free media contain a 
plasma-derived human semm albumin (hereinafter also 
refened to as HSA) as an additive for maintaining prolif- 
eration capability of the cell. The plasn^-derived HSA 
does not necessarily has constant quafity For exanple, 
the level of contaminant plasma-derived components, 
such as Ipoprotein, protease inhibitor (ag.. a1 -antit- 
rypsin and the like), carrier protein of metal or heme 
(ag., transferrin, ceailoplasmin. haptogfobin and the 
like), fatty acid, calcium ton, tryptophan, cysteine, glu- 
tathione, trace anxnint of metal component and the like, 
varies from one product tot to another. Thus, there is a 
concern that these components may expert influence 
on the culture of animal cells and the Gke. 

Disclosure of the Invention 

[0008] The present inventfon has been made in view 
of the above-mentioned problems, and aims at provid- 
ing a medium for culture, which has stable quality, 
exerts less influence on the culture; and in which cells 
can proFrferate sufficiently 

[0009] Another object of the present invention is to 
provide a rnethod for providing stable (having superior 
reproductbifity) cultore of animal cells. 
[0010] A yet another object the present invention Is to 
provide a method for producing a physfofogicaliy active 
sut)stance in large amounts from animal cells capable 
of produdng the physiologically active substance and 
harvesting the same. 

[001 1 ] The present inventors have conducted inten- 
sive studies in consideration of the above-mentioned 
situation and found that tiie use of an HSA (rHSA) 
obtained by gene manipulation as an additive for tfie 
basal medium leads to retention of sufficient prolifera- 
tion capability of ttie cell while maintaining ttie effect 
during cultore as achieved by ttie use of a plasma- 
derived HSA, which resulted in ttie completion of ttie 
present invention. In other words, the use of rHSA hav- 
ing constant quality for the medium of the present Inven- 
tion beneficially results in less influence (i.a, ensuring 
reproducibility) on the effect of culture. 
[0012] Accordingly, ttie present invention provtoes ttie 
folfowlng. 

(1) A medium for culture, containing a human 
serum albumin obtained by gene manipulation. 

(2) The medium for culture of ttie above-mentioned 
(1), containing, as a basal medium, DMEM 
mecfium, F12 medium or RPMI1640 medium. 

(3) TTie medium for culture of tlie above-mentioned 
(1), wherein ttie human serum albumin obtained by 
gene manipulation is the albumin produced by a 
human serum albumin-produdng yeast. 

(4) The medium for culture of ttie above-mentioned 
(1), further containing insulin. 

{Si The medium for culture of ttie above-mentioned 
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(1), further containing peptone. 

(6) The medium for culture of the above-mentioned 

(1). further containing transfenin. 

{7i The medium for culture of. the above-mentioned 

(I) . further containing insulin, peptone and transfer- 
rin. 

(8) A method for culturing an animal cell, compris- 
ing culturing the animal cell in the medium of the 
above-mentioned (1). 

(9) The method of the above-mentioned (8), 
wherein the animal cell itself is capable of produc- 
ing a physiologically active substance or producing 
a heterologous physiologically active substance by 
transformation by genetic engineering. 

(10) The method of the above-mentioned (8), 
wherein the animal cell is a member selected from 
the group consisting of human Iddney cell line, 
hytDridoma, leukocyte. Namalwa cell. BALL-1 cell, 
fibroblast, lymphocyte, human kidney cell, 
melanoma cell. Vero cell. Hela cell. CHO cell. Wl 38 
cen. BHK cell, COS-7 cell, MDCK cell. C127 cell, 
HKQ cell, mouse myeloma cell, human lymphoblast 
cell, a parent cell for preparing human-human 
hybridoma. dhfr deficient cell lines thereof, HGPRT 
deficient cell lines thereof and ouabain resistant cell 
lines thereof. 

(I I) A method for producing a physiologically active 
sut)stance. comprising culturing an animal ceil 
capable of producing the physiologically active sub- 
stance in the medium of the above-mentioned (1) to 
produce the physiologically active substance, and 
han^esting the physiologically active substance 
from the culture. 

(12) The method of the above-mentioned (11), 
wherein the animal cell itself is capable of produc- 
ing a physiologk^ally active substance or producing 
a heterologous physiologically active substance by 
transformation by genetic engineering. 

(13) The method of the above-mentioned (11), 
wherein the physiologically active substance is a 
member selected from the group consisting of 
prourokinase. urokinase, antithrombin-lll, tissue 
plasminogen activator, hepatitis B virus surface 
antigen, hepatitis pre S-B virus surface antigen, 
interferon, colony formation stimulating factor and 
monoclonal antibody. 

[0013] The medium for culture of the present inventfon 
is subject to no particular limitation as long as it contains 
a human serum albumin (rHSA) obtained by gene 
manipulation. Specific exanrples include a basal 
medium supplemented with rHSA. 
[0014] In the present invention, the basal medium is a 
basic medium which is typically used and contains a 
cartx)n source generally assimilable fbr animal cells, 
and nitrogen source, inorganic salt and the like that are 
digestable for animal cells. Where necessary, a slight 
amount of effective substance may be added, such as 



micronutrient, precursor substance and the like. The 
basic medium may be any known medium for cell cul- 
ture, such as the above-mentioned DMEM medium. F12 
medium and RPMI1640 medium, which is particularly 

5 preferat)ly RPI^I1640 medium. 

[001 5] The rHSA to be contained in ttie medium of the 
present Invention is subject to no particular limitation as 
long as it is a human serum albumin produced by an 
HSA-producing host prepared by gene manipulation. 

10 Preferred is one substantially free of contaminant com- 
ponents (e.g., protein) derived from a production host. 
nx>re preferably one ot)tained by culturing an rHSA-pro- 
dudng host by a known means, and harvesting and 
purifying from culture filtrate, microorganism or cell by 

IS known separation means and purification means. 
[0016] Specif k: exanrples include tiie following 
method. 

[0017] The host for obtaining the rHSA to be used in 
tiie present invention is subject to no particular limitation 

20 as long as it is prepared by gene manipulation. It may be 
disclosed in known publications or one to be developed 
from now. Examples thereof include microorganisms 
made rHSA-productive by gene manipulation (ag.. E. 
coli, yeast B. subtilis and the like), animal cell, and the 

25 like. Particulariy. the host is a yeast, preferably tiie 
genus Saccharomyces (e.g.. Saccharomyces 
cerevisiae) or the genus Pichia (e.g.. Pichia pastoris). 
An auxotrophic strain or antibiotic sensitive strain may 
be used. More preferably. Saccharomyces cerevisiae 

30 AH 22 strain (a. his 4, leu 2, can 1) or Pichia pastoris 
QTS 1 15 strain (his 4) is used. 
[001 8] A metfiod for preparing these r HSA-producing 
hosts, a method for producing rHSA by culturing the 
host and a method for separating and harvesting the 

35 rHSA from culture may be known or analogous to a 
known method. For example, an rHSA-produdng host 
can be prepared by using a typical HSA gene [Japa- 
nese Patent Unexamined Publication Nos. 58^56684 
(conesponding to EP-A-73646), 58-90515 (correspond- 

40 ing to EP-A-79739), 58-150517 (corresponcfing to EP- 
A-91527)]. by using a novel HSA gene [Japanese Pat- 
ent Unexamined Publication Na 62-29985. Japanese 
Patent Unexamined Publicatfon Na 1-98486 (both cor- 
responding to EP-A-206733)], by using a synthetic stg- 

45 nal sequence [Japanese Patent Unexamined 
Publication No. 1-240191 (corresponding to US Patent 
No. 5409815 and EP-A-329127)], by using a serum 
albumin signal sequence [Japanese Patent Unexam- 
ined Publication No. 2-167095 (corresponding to EP-A- 

50 319641)]. by integrating a recombinant plasmid on a 
chromosome [Japanese Patent Unexamined Put)lica- 
tion No. 3-72889 (conesppnding to EP-A-399455)], by 
fusing hosts [Japanese Patent Unexamined Publication 
No. 3-53877 (conresponding to EP-A-409156)], by caus- 

55 ing nutation in a methanol-containing medium, by using 
a mutant AOXg promoter [Japanese Patent Unexam- 
ined Pubik:ation Nos. 6-90766, 4-299984 (both conre- 
sponding to EP-A-506040)], by expressing HSA by B. 
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subt'lG (Japanese Patent Unexanined PuksTication Na 

62- 25133 (corresponding to EP-A-229712)]. by 
expressing USA by yeast {Japanese Patent Unexam- 
ined Publication Nos. 6(M1487 (corresponding to EP- 
A-1 23544). 63-39576 (corresponding to EP-A-248657). 

63- 74493 (conresponding to EP-A-251744)]. or by 
expressing HSA by Pichia yeast [Japanese Patent 
Unexamined Publication IMo. 2-104290 (corresponding 
to EP-A-344459)]. 

[00191 Of these, the method causing mutation In a 
methanol-containing medium includes the following 
steps. That Is, a plasmid having a transcription unit 
which expresses HSA under the control of an AOX^ pro- 
moter is introduced Into the AOX^ gene region of a suit- 
able host by a conventional method, preferably Pichia 
yeast, specifically GTS 115 strain (NRRL deposit Na Y- 
15851). to give a transformant [see Japanese Patent 
Unexamined Publication No. 2-104290 (corresponding 
to EP-A-344459)]. This transformant has weak prolifer- 
ation capability in a methanol medium. Therefore, this 
transformant is cultured in a methanol-containing 
medium to cause mutation and only proliferable cells 
are recovered. The methanol concentration here is, lor 
example, about 0.0001-5%. The medium may be an 
artif idal medium or natural medium. The culture condi- 
tions are 15-40*»C. about 1-1000 hours. 
[0020] The rHSA prodwrtion host is cultured by a 
method disclosed in the above-mentioned publications, 
a metiiod wherein high concentration cells and product 
are obtained by fed batch culture (senv'-batch culture) 
by supplying high concentration glucose or methanol in 
suit^e small amounts while avoiding high concentra- 
tion sii)strate inhibition of production cells (Japanese 
Patent Unexamined Publication No 3-83595), a method 
wherein a fatty acid is added to tiie medium to enhance 
rHSA production [Japanese Patent Unexamined Publi- 
cation Na 4-293495 (con'esponding to US Patent Na 
5334512 and EP-A-504823)] and ttie like. 
[0021] The rHSA produced by culture treatment is iso- 
lated and purified at sufficient level from the conrpo- 
nents derived from tiie host cell and culture components 
by various methods. For exanple, a conventional 
method includes subjecting a yeast culture solution con- 
taining rHSA to compression-^ ultrafiltration membrane 
treatment->h6at ti^tment-»ultrafiltration membrane 
treatinent. and further subjecting to column chromatog- 
raphy treatment with cation exchanger, hydrophobic 
chromatography treatment, column chromatography 
treatment with anion exchanger and the like [Japanese 
Patent Unexamined Publication Na 5-317079 (con'e- 
sponding to US Patent Na 5440018 and EP-A-570916). 
Biotechnology of Blood Proteins. 1993. vol. 227, 293- 
298]. A metiiod including, subsequent to the above- 
mentioned conventional m^od. a step of chelate resin 
treatment or a treatment of boric acid or salt thereof has 
been also documented [Japanese Patent Unexamined 
Publication Nos. 6-56883 and 6-245789 (botii con'e- 
sponding to US Patent No. 5521287 and EP-A- 



t 

M7581A1 6 

612761)]. 

[0022] Subsequent to heat treatment of this yeast cul- 
ture solution, a stream Gne method usir^ an adsorption 

fluidized bed technique [Japanese Patent Unexamined 
5 PubTication Na 8-116985 (corresponding to EP-A- 

699687)] and the like can be also applied. The rHSA 

ttius prepared and puritied can be formulated by a 

known mettuxl such as sterilization by heating. ultrafB- 

tration meiriirane treatment addition of stabilizer, steri- 
10 lization by fOtration, dispensing, lyophOization and the 

like. 

[0023] The rHSA is added to the medium for culture of 
the present iiiventfon in a proportion of abort 0. 1-5 gA.. 
preferably 0.1-2 g/L 
15 [0024] The medium for culture of ttie present invention 
may contain insulin, peptone, transfem'n and ttie like as 
necessary 

[0025] Insulin Is not particulariy limited as to its deri- 
vation, but a bovine<lerived insulin or a recombinant 

20 human insulin is preferat)ly used. Peptone is not partic^ 
ularly limited as to its derivation, but beef-derived pep- 
tone is preferably used. A plant-derived peptone can be 
also used. Transfemn is not particulariy On^ed as to Hs 
derivatbn, but human or bovlne<lerived one is pr^era- 

25 biy used. 

[0026] Insulin is added to ttie medium for culture of ttie 

present invention in a proportion of about 0.1-10 mg/L, 

preferably 0.1-2 mg/L The peptone content is 0.1'50 

g/L. preferably 1-10 g/L, and ttie transfemn content is 
30 0.5-20 mg«^ preferably 1-15 mg/L 

[0027] The medium for culture of ttie pres«it invention 

may contain hypoxanthine (0.1-100 mg/L), preferably 1- 

20 mg/L. thymidine (0.01-100 mg/L). preferably 1-10 

mg/L selenium (0.01-100 jig/L), preferably 1-10 >ig/L. 
35 and a-tooopherol (vitamin E, 0.001-1 0 mg/L), preferably 

0.01-0.5 mg/L where necessary. 

[0028] When animal cell transformed to have a vector 

containing a resistance gene is to be cultured, a seleo- 

tion agent corresponding to ttie resistance gene con- 
40 tained in ttie vector may be furttier added to ttie medium 

to keep plasmkf transformation stable. The selection 

agent may be tiiose known to ttiose of ordinary skill in 

ttie art. such as neomydn. hygromycln. micophenolic 

add. hypoxanttiine. xanttiine. aminopterin. mettKrtrex- 
45 ate (MTX) and derivatives ttiereof. 

[0029] The animal cell ttiat can be cultured in ttie 

medium for culture of the present Invention may be 

capable of produdng physiologfcally active substance 

by itself, or may produce a heterologous physiologically 
5a active substance by transformation by genetic engineer- 
ing. The cell capable of produdng physiologk^lly active 

substance by hself may be, for example, hybridoma ttiat 

produces monoctonal antibody, leukocyte. Namalwa 

cell or BALL-1 cell ttiat produces interferon (IFN)-a, 
55 ftoroWast ttiat produces IFN-p. lymphocyte ttiat pro- 
duces IFN-y. human kidney cell that produces prouroW- 

nase or urokinase (proUK or UK), melanoma (eg., 

Bowes cell) ttiat produces tissue plasminogen activator 
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(TPA) and the like. The established host cell to be trans^ 
formed by genetic engineering may be. for example, 
Vero cell. Hela ceil. CHO cell. WI38 cell, BHK cell. COS- 
7 cell. MDCK cell, C127 oeD. HKQ ceH. human kidney 
cell line and the Ilka Specific examples include CHOKi 5 
(Chinese hamster ovary cell : ATCC CCL61). BHK 
(hamster kidney cell : ATCC CCL10), COS-7 (CV-1 Ori- 
gin, SV-40 cell : ATCC CRL1851), Vero cell (African 
green monkey kidney cell : ATCC CCL81). nrK>u&e nriye- 
loma cell (X63-Ag8-653 ; P3U1). human lymphoblast 
cell (IM-9. ATCC CCL159), parent cell for preparing 
human-human hybridoma. dhfr defident cell lines 
thereof. HGPRT deficient cell lines thereof, ouabain 
resistant cell lines thereof and the like. 
[0030] An animal cell is cultured using the medium for 
culture of the present invention by the following method. 
That is, an animal cell is cultured in the inventive 
medium placed in a culture container, such as dish, 
flask, roller bottle, spinner flasK microcan-ier, miaocap- 
sule and a culture apparatus using hollcw fiber, which 
are known well for use In culture, but the container Is not 
limited to these exemplified. The method of culture 
includes, for example, subculture generally performed in 
the above-mentioned culture container, and continuous 
culture perfbmned for a long time under constant culture 
conditions supplying a new culture solution comple- 
menting the old culture solution which is continuously or 
discontinuously extracted from the culture tank togetiier 
with the cell or upon separation of the cell. Moreover, 
the animal cell can be cultured in the inventive medium 
In the fonn of a highly dense cuttura Specifically, culture 
at high density of not less than 10^ celts/ml is preferable. 
Other culture conditions are. for example, culture tem- 
perature 30-37^C, culture time 1-10 days. In addition, by 
appropriately changing the medium, a prolonged corh 
tinuous culture can be achieved. 
[0031 ] A physiologically active substance such as pro- 
tein is produced by tiie cell by a metiiod known in the 
field of art Examples of the method include those dis- 
closed in Japanese Patent Unexamined Publication No. 
61-177987 (con'esponding to EP-A-154272), Japanese 
Patent Unexamined Publication Uo. 63-146789 (corre- 
sponding to US Patent No. 5098840 and EP-A-253241) 
and the like. 

[0032] According to the production method of a phys- 
iologically active substance of the present invention, for 
example, a physiologically active substance such as 
antithrombln-lll, proUK. UK. TPA, hepatitis B virus sur- 
face antigen. hepatKis pre S-B viru$ surface antigen, 
IFN, colony formation stimulating factor, monoclonal 
antibody and the like can be produced. 

Examples 

[0033] The present invention is explained in more 
detail in the following by way of Examples which do not 
limit the present invention in any way. 



Example 1 Preparation of medium for culture 

[0034] As a basal medium. RPM11640 medium [10.2 
g. Qoding, J. W (1980) J. Immunol. Methods 39. 285. 
JAMA 199 (1957)] was used. As additives. rHSA (1 g), 
insulin (1 mg), beef-derived peptone (5 g), transferrin 
(10 mg). hypoxantfiine (13 mg), tiiymidine (4 mg), a- 
tocopherol (0.13 mg) and selenium (4 |ig) were used to 
give 1 L of a medum for culture. The rHSA was derived 
from Pichia pastoris yeast, which was prepared accord- 
ing to Japanese Patent Unexamined Pii^ication Na 8- 
116985. 

Example 2 Culture of human kidney cell line 

[0035] Human kidney cell line was adhered to micro- 
carrier beads and added to the medium for culture pre- 
pared in Example 1 to a concentration of 10^ cells/hil. 
The cells were cultured under tiie conditions of 37*'C, 
5% CO2. As a result, production of proUK correspond- 
ing to 0.6-2.5 U/ml was confirmed In the culture solution 
in 2 days. The culture solution was changed every 2-3 
days ttiereafter, whereby continuous culture over a long 
period of time (at least one montti) couki be peiformed. 

EHeCi of the invention 

[0036] The use of ttie medium for culture of tiie 
present invention containing human serum albumin 
(rHSA) having constant quality and obtained by gene 
manipulation has led to tiie effects of retentton of cell 
proliferation capability and production of physiologically 
active substance, which are of the same level as 
achieved when a serunvcontaining medium and/or a 
conventional serunhfree medium containing plasma- 
derived HSA are/Is used, as well as stable quality of tiie 
medium and ensured reproducibility of the culture. 
[0037] This application is based on application No. 
210004/1996 filed in Japan, the content of which Is 
incorporated herelnto by reference. 

Claims 

1. A medium for culture, containing a human serum 
albumin obtained by gene manipulation. 

2. The medium for culture of claim 1 . comprising, as a 
t>asal medium, DMEM medium, F12 medium or 
RPMI1 640 medium. 

3. The medium for culture of daim 1, wherein tiie 
human serum albumin obtained by gene manipula- 
tion is the albumin produced by a human serum 
albumin-producing yeast. 

4. The medium for culture of claim 1 , furtiier contain- 
ing insulin. 
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5. The medium for culture Of claim l.furth 
ing peptone. 

0. The medium for culture of daim 1, further contain- 
ing transferrir). 5 



7. The medium for culture of claim 1 » further contain- 
ing insulin, peptone and transfenia 

8. A method for culturing an animal cefl, comprising io 
cuHuring the animal ceO In the medium of daim 1 . 

9. The method of daim 8, wherein the animal cell itself 
is capat)ie of producing a physiologically active sut> 
stance or produdng a heterologous pf^dogically 75 
active sutetance by transfonratlon genetic engi- 
neering. 

10. The method of daim 8, wherein the animal cell is a 
member selected from the group consisting of 20 
human kidney cell line, hybridoma. leukocyte. 
Namalwa cell, BALL-1 cell, fibroblast, lymphocyte, 
human kidney ceD. melanoma cell. Vero cell, Hela 
cell. CHO cell. Wl 38 cell. BHK cell. COS-? cell, 
MDCK cell. C127 cell, HKG cell, mouse myeloma 2S 
cell, human lymphoWast cell, a parent cell for pre- 
paring human-human hybridoma. dhfr defkaent cell 
lines thereof. HQPRT defident cell lines thereof and 
ouabain resistant cell lines thereof. 

30 

11. A method for produdng a physiologically active 
substarKe. comprising culturing an animal cell 
capable of produdng the physiologk^lly active sul> 
stance in the medium of claim 1 to produce the 
physldogically active subetance, and harvesting ss 
the phystologk^lly active substance from the cul- 
ture. 

12. The method of daim 11. wherein the animal cell 
itself is capable of produdng a physldogically 40 
active substance or producing a heterologous phys- 
iologically active substance by transformation by 
genetic engineering. 



1 3. The method of daim 1 1 , wherein the physiologically 45 
active substance is a member selected from the 
group consisting of prourddnase, urokinase, anti- 
thrombin-lll, tissue plasminogen activator, hepatitis 
B virus surface antigen, hepatitis pre S-B virus sur- 
face antigen, Interferon, colony formatbn stimulat- so 
ing factor and monoclonal antibody. 
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